Introduction
Using the spatial diversity on transmit, the transmitted signals would be received at the designated receiver, when weighted appropriately while it would be canceled at the other locations. This methodology is based on the reciprocity theorem [1] and is applied to a collection of receiving and transmitting antennas.
This methodology is always applicable as long as the number of transmitting antennas N is greater than or equal to the number of receivers M. On the other hand, if the number of receivers exceeds the number of transmitting antennas (M > N), it may not be possible to achieve a perfect match (namely simultaneously maximizing the induced current at pre-selected receivers, with practically zero current induced on the rest of the receivers). Also, using the polarization properties, one can enhance the signal strength at a particular receiver while simultaneously minimizing it at other receivers.
In section 2 we review the principles of the signal enhancement methodology through adpativity on transmit. In section 3 we apply the polarization property. In section 4 we present a numerical example which has been simulated using the WIPL-D code [3] .
The Signal Enhancement Methodology through Adpativity on Transmit
The spatial diversity of the fixed proximate transmit antennas permits the signals transmitted from a base station to be directed to a pre-selected mobile station 0-7803-8883-6/05/$20.00 ©2005 IEEE without worrying about the presence of other near field scatterers or the existence of a multipath environment. To illustrate the methodology for an N transmit and M mobile receive antennas operating at the same frequency fo, consider the communication between a base station with two transmit antennas (TI and T2) and two mobile receivers (R1 and R2). The principle is when receiver R1 transmits with an excitation voltage of IV, then we know the respective voltages induced at the loads of the two antennas at the feed points of the transmitting antennas T1 and T2. Let us call these two induced voltages as VRI and VpR Here, the T, T2
superscript R1 corresponds to when receiver R1 is transmitting and the two transmit antennas T1 and T2 are operating in the receive mode. Thus the subscript denotes the receiving element whereas the superscript specifies the transmitting element. If we know the load impedances at the two transmit antennas to be ZT and ZT, then the currents induced at the feed points of the two transmit antennas then one will observe that weighting IRI and R' with w T and wT2, respectively will enhance the signal strength at the receiver R1 and will minimize the signal strength at receiver R2. The superscript on each W specifies the receiving antenna element at which the signal strength is enhanced. Similarly, if the currents ITR and IR2 are weighted with WI and WR2, respectively, then it will T, T2 WT2
WT enhance the signal strength at the receiver R2 and will minimize the signal strength at receiver R1.
By knowing the voltages that are induced in each of the transmitting antennas by every receiver, it is possible to select a set of weights based on reciprocity that will induce large currents at a specific receiver. This relationship, based on the principles of reciprocity and superposition, can be applied only at the terminals of the transmitting and receiving antennas. Furthermore, this principle of directing the signal energy to a pre-selected receiver is independent of the sizes and shapes of the receiving antennas and the near field environments.
Exploitation of the Polarization Properties in the Proposed Methodology
Polarization diversity at the transmit antennas can also be utilized as shown in Figure 1 . Either an antenna transmitting different linear polarizations can be switched on or one can be dealing with circular polarization. However, the principles are the same in both cases. Using the polarization properties, we can also enhance the signal strength at a particular receiver while simultaneously minimizing it at the other receivers. For the example in Figure 1 , each of the receivers can have arbitrary polarization whereas the transmitter can switch to either vertical or horizontal polarization. Again the mathematical principles to direct the signal to a pre-selected receiver and producing zero signals at the others follow exactly as presented in the previous section.
Numerical Simulation
Using the polarization properties, we show how polarization properties are useful for the signal enhancement in this situation. Let us consider two transmitting antennas and four receiving antennas and apply the concept of polarization. We assume that some of the receivers have left-handed helical antennas and some of them have right-handed antennas. In this example we examine the transmission of two orthogonally polarized waves as shown figure 2. There are two types antennas, which are co-located at the base station, and these antennas can be switched. And also users A3 and A5 use a right hand polarization antenna and A3 and A6 has a left hand polarization antenna.
When the transmitters are using the R-H polarization mode, excite each mobile receiving antenna which has a R-H polarization, A3 and A5, and measure the currents that are induced at transmitting antennas in the base station. Then, we can choose a set of complex voltages { WAi I and Wji2 }, for i = 3, or 5, to direct the transmitted signal to A3 or A5. When the transmitters are in the L-H polarization mode, we can choose a set of complex voltages { W)' and Wj'2 }, for i = 4, or 6, to direct the transmitted signals to A4 or A6. Using these weights, when the polarization of the desired receiver is the same as that of the transmitting antennas, the received currents at each of the four receiving antennas are shown in Table 1 
